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1
WEIGHING APPARATUS

This application is a continuation of application Ser. No.
08/155,698, filed Nov. 23, 1993, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a weighing apparatus of
a type utilizing a signal processing circuit for electrically
processing a load signal outputted from a load cell so that the
weight of an object to be weighed can be displayed by a
display unit.

2. Description of the Prior Art

Some of the currently commercmlly available weighing
apparatuses generally utilize such an electronic signal pro-
cessing circuit as shown in FIG. 9. For the discussion of the
prior art believed to be relevant to the present invention,
reference will now be made to FIG. 9.

The prior art weighing apparatus shown in FIG. 9 com-
prises a load cell 30 electrically connected with circuits
formed on a main circuit wiring board 31. The load cell 30
includes four strain gauges 32 each in the form of a
resistance element mounted, or otherwise provided, on a
strain inducing element (not shown) which produces strains
in response to a load applied thereto as a result of placement
of the object to be weighed. These strain gauges 32 are
electrically connected with a flexible printed circuit board
(not shown) so as to form a bridge circuit 33 of a full-bridge
type. The flexible printed circuit board referred to above 1s
coupled with the main circuit board 31 through a suitable
connector (not shown). The strain gauge 32 generally
employed in the prior art weighing apparatuses 1S of a type
capable of compensating for a change of a coefficient of
thermal expansion of the strain inducing element so that any
possible measurement error resulting from a diiference 1n
coeflicient of thermal expansion between the strain inducing
clement and the strain gauges can be eliminated.

Of four arms of the bridge circuit 33 having the respective
strain gauges 32 disposed thereon, two arms connected
together through a junction c¢ include respective adjustment
elements 34 for zero-point adjustment to be accomplished
during a non-loaded condition of the weighing apparatus. In
certain models, the adjustment element 34 is employed on
all of the four arms of the bridge circuit. In either case, each
of these adjustment elements 34 includes a zero-point
adjustmg (offset adjusting) resistor 35 in the form of a
precise resistance element used to coordinate variations in
resistance value among the strain gauge 32 to adjust an
output from the bridge circuit 33 to a target level, for
example, a zero volt, and a zero-point temperature charac-
teristic compensating resistor 36 in the form of a tempera-
ture sensitive resistance element connected in series with the
zero-point adjusting resistor 35 for compensating for a
change of the output of the bridge circuit 33 from the target
level as a result of a temperature dependent drift of the
bridge circuit 33.

The bridge circuit 33 has input-side junctions a and b
connected with respective span temperature characteristic
compensating resistors 39 which are in turn connected with
a direct current power source 38 that supplies an input
voltage to the junctions a and b of the bridge circuit 33. Each
of the span temperature characteristic compensating resistor
39 is in the form of a temperature sensitive resistance
element and is utilized to compensate for an increase of the
level of the load signal which would occur when the amount
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of strain increases as a result of a lowering of the Young’s
modulus of the strain inducing element with an increase of
temperature.

A voltage between output-side ]unct1ons ¢ and d of the

bridge circuit 33 is supplied to a signal processing circuit 40

provided on the main circuit board 31. This signal process-
ing circuit 40 employed in this prior art weighing apparatus
includes a differential amplifier stage 41 for amplitying the
load signal outputted from the load cell 30, an analog filter
for removing a noise component from the toad signal which
has been amplified by the differential amplifier stage 41, an
analog-to-digital converter (ADC) 43 for converting the
filtered load signal into a digital load signal, and a central
processing unit (CPU) 44 for calculating a measured value
representative of the weight of the object to be weighed
based on the digital load signal supplied from the analog-
to-digital converter 43 and also for providing a display unit
with the measured value in the form of a weight signal
capable of being displayed.

On the other hand, the direct current power source 38 is
also connected with a first voltage divider circuit 46 for
providing all component elements of the signal processing
circuit 40 with a first reference voltage V -o,, and a second
voltage divider circuit 47 for providing the analog-to-digital
converter 43 with a second reference voltage V,z t0 cause
the analog-to-digital converter 43 to determine the level of
an input signal supplied thereto.

The circuit configuration shown in FIG. 9 makes use of a
number of resistance elements in, for example, the four
strain gauges 42 and the two voltage divider circuits 46 and
47 and, thus, the number of component parts employed
therein is relatively great. Also, since the resistance of each
of the strain gauges 32 of a kind employed in the weighing
apparatus is generally relatively low, the bridge circuit 33
consumes a relatively large amount of electric power. There-
fore, in the case of the weighing apparatus powered by a
battery, the battery is apt to run out quickly.

In view of the problems discussed above, the use has been
suggested of such a bridge circuit 33A as shown in FIG. 10.
The bridge circuit 33A shown in FIG. 10 1is so designed that
a difference between a voltage appearing at the junction d
between the strain gauges 32 and the first reference voltage
V coa, may be utilized as a load signal. This bnidge circuit
33A has been considered advantageous in that, when each of
the voltage divider circuits 46 and 47 is chosen to have a
relatively high resistance, the amount of the electric power
consumed by the bridge circuit 33A can be considerably
reduced. However, this configuration of the bridge circuit
33A has been found having the following two problems.

In the first place, unless the span temperature character-
istic compensating resistors 39 have the same resistance and
the same temperature characteristic, the voltage at the junc-
tion d from which the load signal can be taken out fluctuates
with change in temperature, that is, becomes unstable with
change in temperature.

Secondly, since the level of the load signal s represented
by a difference between the voltage at the junction d between
the strain gauges 32 and the first reference voltage V ~puy it
is necessary to compensate totally for the temperature char-
acteristic of both of the voltage divider circuit 46 and the
strain gauges 32 in order to obtain the load signal stable
relative to the change in temperature. And, since the strain
gauges 32 are fitted to the load cell 30 on one hand and, on
the other hand, the voltage divider circuit 46 is fitted to the
main circuit board 31, an adjustment necessary to0 compen-
sate for temperature-dependent variation must be carried out
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while the load cell 30 and the main circuit board 31 are
assembled together. Therefore, the adjustment tends to be
complicated and time-consuming. In addition, since the load
cell 30 and the main circuit board 31 once they have been
adjusted in the assembled condition have no compatibility
with any other load cell or main circuit board and must be
employed always in a paired fashion in a particular weighing
apparatus, a replacement of one of the load cell 30 and the
main circuit board 31 requires a corresponding replacement
of the other of the load cell 30 and the main circuit board 31.
Thus, when one of the load cell and the main circuit board
both employed in a particular weighing apparatus is required
to be replaced, the both must be replaced with a pair of the
‘load cell and the main circuit board which have been

separately adjusted, resulting in a waste of component parts.

To substantially alleviate the foregoing two problems, the
inventors of the present invention have suggested, in their
U.S. Pat. No. 4,951,765, such a circuit configuration as
shown in FIG. 11 in which the use of the span temperature
characteristic compensating resistors 39 have been dis-
pensed with. According to the circuit configuration shown in
FIG. 11, the use has been made of a temperature sensitive
resistor 39A for the purpose of automatically adjusting the
gain of the differential amplifier stage 41 in accordance with
change in temperature so that a change of the load signal due
to the change in temperature can be compensated for by the
automatic adjustment of the gain of the differential amplifier
stage 41. The circuit configuration shown in FIG. 11 is
~ effective to resolve the first mentioned problem associated
with the load signal becoming unstable with change in

temperature, but it has been found that the second mentioned

problem associated with difficulty in adjustment and the
waste of component parts remains unsolved.

- SUMMARY OF THE INVENTION

In consideration of the problems discussed hereinbefore
in connection with the prior art weighing apparatuses, the
present invention has been devised to provide an improved
weighing apparatus which does not substantially require a
complicated and time-consuming adjustment to improve the
weighing accuracy and can easily be serviced during a
- maintenance and, yet, which consumes a minimized amount
of electric power. _

- To this end, the present invention provides a weighing
apparatus which comprises a load cell for outputting a load
signal in proportion to a load imposed thereon by the object

~ to be weighed, a signal processing circuit for processing the

load signal from the load cell to provide a weight signal
indicative of the weight of the object to be weighed. The
load cell includes a strain inducing element capable of
inducing strains in response to application of the load
imposed on the load cell, and a bridge circuit having first and
second strain gauges and a series-connected circuit com-

4

precision of both of the load signal and the reference voltage
signal which considerably- affects the weighing accuracy
depends only on the precision of the bridge circuit. Accord-
ingly, an adjustment required to secure the weighing accu-
racy can be simply accomplished by adjusting the bridge

- circuit on the load cell. Also, even where the load cell is
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receives both of a load signal delivered from a junction
between the first and second strain gauges and a reference
voltage signal delivered from a junction between the resis-
tors in the bridge circuit.

With this weighing apparatus, both of the load signal and
the reference voltage signal are delivered from the bridge
circuit formed on the side of the load cell and are in turn
supplied to the signal processing circuit provided separately
from the load cell. Since the resistors forming respective
parts of the bridge circuit on the load cell concurrently serve
as resistor for providing the reference voltage signal, the
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desired to be replaced during the servicing job, a mere
replacement with the adjusted load cell is sufficient to secure
the weighing accuracy and, after the replacement, only a
span adjustment in the signal processing circuit is required
with no need to adjust the whole circuit including the bridge
circuit on the load cell and the signal processing circuit.

- Also, by choosing a higher resistance value for each of the
resistors in the bridge circuit, the amount of electric power
consumed by the bridge circuit can be minimized advanta-
geously.

According to a preferred embodiment of the present
invention, the signal processing circuit includes an amplifier
means for amplifying the load signal, and a temperature .
compensating resistance means connected with the amplifier
means. The temperature compensating resistance means has
a charactenstic effective to vary an amplification factor of
the amplifier means with change in temperature to thereby
compensate for a temperature coefficient of Young’s modu-
lus of the strain inducing element so as to suppress variation
of a load signal outputted from the amplifier means with
change in temperature. Accordingly, the load signal output-
ted from the amplifier means does not vary with change in
temperature as the Young’s modulus of the strain inducing

~element varies with change in temperature even though the

level of the load signal varies with change in temperature,
and accordingly, the weighing accuracy can be improved
advantageously.

Also, according to another preferred embodiment of the
present invention, each of the strain gauges may be in the
form of a temperature compensating resistor capable of

- compensating for the temperature coefficient of the Young’s

modulus of the strain inducing element. In such case, the
load signal outputied from the bridge circuit will not vary
with change in temperature of the strain inducing element
and, therefore, the weighing accuracy can be improved
advantageously as well.

In a further preferred embodiment of the present inven-
tion, the bridge circuit includes an adjustment element
connected 1n series with the series-connected circuit of the

- resistors or the strain gauges for adjusting an output from the

bridge circuit. According to this embodiment, by adjusting
or selecting the resistance value of the adjustment element,
the zero-point adjustment of the bridge circuit is possible.
The adjustment element may be connected in series with
either the resistors or the strain gauges. Where variation in
resistance is considerable among the strain gauges, the series
connection of the adjustment element with the strain gauges
may require such a complicated and time-consuming pro-
cedure of adjusting the resistance of each of the strain
gauges or a calculation based on measurement of the resis-
tance of each strain gauges in readiness for the selection of
the adjustment element to be used for each bridge circuit.

Accordingly, in such case, it is preferred that the adjustment

element 1s connected in series with the resistors which can =

be manufactured with no considerable variation in resistance
thereof. |

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more
clearly understood from the following description of pre-
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ferred embodiments thereof, when taken in conjunction with
the accompanying drawings. However, the embodiments
and the drawings are given only for the purpose of illustra-
tion and explanation, and are not to be taken as limiting the
scope of the present invention in any way whatsoever, which
scope 1s to be determined by the appended claims. In the
accompanying drawings, like reference numerals are used to
denote like parts throughout the several views, and:

FIG. 1 is a block circuit diagram showing a weighing
apparatus according to a first preferred embodiment of the
present invention; |

FIG. 2 1s a schematic perspective view of a strain inducing
clement used in the weighing apparatus of the present
mvention;

FIG. 3 is a schematic plan view showing a connection
between two printed circuit boards employed in the weigh-
ing apparatus of the present invention;

F1G. 4(a) is a schematic side view of the strain inducing
element in a non-loaded condition;

FIG. 4(b) 1s a schematic side view of the strain inducing
element 1n a loaded condition;

FIGS. 5(a) to 5(f) are graphs showing temperature com-
pensating characteristics in the weighing apparatus of the
present invention;

FIG. 6 is a block circuit diagram showing the details of a
differential amplifier stage used in the circuit of FIG. 1;

FIG. 7 is a block circuit diagram showing the weighing
apparatus according to a second preferred embodiment of
the present invention;

FIG. 8 is a block circuit diagram showing the weighing
apparatus according to a third preferred embodiment of the
present invention;

FI1G. 9 is a block circuit diagram showing one of the prior
art weighing apparatuses;

FIG. 10 is a block circuit diagram showing another one of
the prior art weighing apparatuses; and |

FIG. 11 is a block circuit diagram showing the other of the
prior art weighing apparatus.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring first to FIGS. 1 to 3, a weighing apparatus
according to a first preferred embodiment of the present
invention comprises a load cell 1 operable to output a load
signal in response to application of a load imposed thereon,
and a main printed circuit board 2. The main printed circuit
board 2 includes a signal processing circuit 3 operable to
electrically process the load signal, supplied {rom the load
cell 1, to provide a measured weight signal indicative of the
weight of an object to be weighed.

The load cell 1 includes a bridge circuit 4 and a strain
inducing element 5 shown in FIG. 2, which element 35 is
capable of producing strains in response to application of a
load imposed by the object to be weighed. The strain
inducing element 5 is of a structure comprising, as best
shown in FIG. 2, a parallelepiped block having a generally
elongated bore 6 that is defined by a pair of generally oval
openings 6a and 6b positioned adjacent respective opposite
ends of the parallelepiped block and a straight opening 6c
communicating the oval openings 6a and 65 with each other.
The parallelepiped block is so bored as to leave a fixed nigid
portion Sa in one of the opposite ends, e.g., a left-hand end
as viewed in FIG. 2, thereof and a movable rigid portion 55
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in the other, i.e., right-hand, end thercoft and also so as to
leave upper and lower transverse beams Sc¢ and Sd defined
on respective sides of the bore 6 and connecting the fixed
and movable rigid portions Sa and 5b together. Strain gauges
7 and 8 forming parts of the bridge circuit 4 are fixedly
mounted exteriorly on notch regions Se and 5f in the upper
fransverse beam 3Sc, each of said notch regions Se and 5f
being defined immediately above the respective oval open-
ing 6a or 6b and corresponding in position to the most
thin-walled portion of the upper transverse beam. Each
strain gauges 7 and 8 may be of any known construction and
therefore has operating characteristics standards to all of the

- strain gauges generally employed in a load cell for weighing

apparatuses for compensating for a variation of a tempera-
ture-dependent coefficient of thermal expansion of the strain
inducing element 3.

The bridge circuit 4 is formed on a flexible main printed
circuit board 21 shown in FIGS. 2 and 3 and is electrically
connected through connectors 22a and 22b with the signal
processing circuit 3 formed on the main printed circuit board
2. The strain gauges 7 and 8 mounted on the strain inducing
element S are connected on wirings formed on the fiexible
printed circuit board 21.

As best shown in FIGS. 4(a) and 4(b), the strain inducing
element 5 is supported with the fixed rigid portion Sa fixedly
secured to a support framework 25 of the weighing appa-
ratus while a weighing table 9 is mounted on the movable
rigid portion 5b. Therefore, it will readily be understood
that, when a load F, that is, the weight of the object M to be
weighed, is placed on the weighing table 9, the strain
inducing element 5 deforms having undergone a parallel
motion in which the movable rigid portion 56 moves down-
wards relative and parallel to the fixed rigid portion Sa. As
a result of the deformation of the strain including element 5
in the manner described previously, strains are induced in
the strain gauges 7 and 8, accompanied by change in
resistance of the strain gauges 7 and 8 in proportion to the
amount of strains so induced. Based on the respective
resistances of the strain gauges 7 and 8 which vary in
proportion to the amount of the strains so induced, the bridge
circuit 4 generates a load signal corresponding to the weight
F of the object M to be weighed.

The signal processing circuit 3 formed on the main
printed circuit board 2 and shown in FIG. 1 includes an
amplifier stage 17 for amplifying the load signal suppiied
from the load cell 1, an analog filter 18 for removing a high
frequency component of a frequency higher than a prede-
termined cut-off frequency from the load cell, that 1s, a
vibration component attributable mainly to mechanical
vibration of the load cell 1, an analog-to-digital converter
(ADC) 19 of, for example, a doubie integrating type for
converting the filtered analog load signal into a digital load
signal, and a central processing unit (CPU) 20 for arithmeti-
cally processing the digital load signal to provide a weight
signal which is indicative of the measured weight of the
object to be weighed and which can be displayed by any
known display unit (not shown).

The bridge circuit 4 includes, in addition to the strain
gauges 7 and 8 referred to above, a series-connected circuit
SC of first to third resistors 10, 11 and 12, each being in the
form of an usual resistor having an extremely small tem-
perature-dependent coefficient of resistance, and adjusting
clements 13 connected with each other through the series-
connected circuit SC of the first to third resistors 10 to 12 for
adjusting an output of the bridge circuit 4. Specifically, a
series-connected circuit of the strain gauges 7 and 8 and a
series-connected circuit including the first to third resistors
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10 to 12 and the adjusting elements 13 are connected parallel
to each other between plus and ground poles of a direct
current power source 14 capable of providing a bridge input
voltage Vex. Accordingly, a junction D between the strain
gauges 7 and 8 provides the load signal; a junction C
between the first and second resistors 10 and 11 provides the
a first reference voltage signal V., and a junction E
between the second resistor 11 and the third resistor 12
provides a second reference voltage signal Ve The first
reference voltage signal V -5, provides a reference voltage
common to all component parts of the signal processing
circuit 3 while the second reference voltage signal Vprr 18

a reference voltage used by the analog-to-digital converter

19 in the signal processing circuit 3 to compare an input
signal with it.

Each of the adjusting elements 13 disposed on two arms
of the bridge circuit 4, that is, between a junction A and the
first resistor 10 and between a junction B and the third
resistor 12, respectively, is used for adjusting the load signal
from the load cell 1 to a predetermined level or a zero-point
level during a non-loaded condition of the weighing appa-
ratus and comprises a zero-point adjusting resistor 15 and a
zero-point temperature characteristic compensating resistor
16. The zero-point adjusting resistor 15 is in the form of a
precise resistor having a small temperature coefficient
enough to coordinate variations in resistance value between
the strain gauges 7 and 8 to adjust an output from the bridge
circuit 4 to the predetermined level, for example, a zero vollt.
On the other hand, the zero-point temperature characteristic
compensating resistor 16 is in the form of a temperature
sensitive resistance element for compensating for a devia-
tion of the output of the bridge circuit 4 from the predeter-

mined level as a result of a temperature dependent drift of

the bridge circuit 4. Each of these compensating resistors 15
and ‘16 has a sufliciently low resistance as compared with
that of any one of the first to third resistors 10 to 12.

The amplifier stage 17 of the signal processing circuit 3 is
connected with a temperature compensating resistor 39A
having 1ts resistance variable with change in temperature to
thereby vary the amplification factor of the amplifier stage
17. This temperature compensating resistor 39A has such a
characteristic as to compensate tfor the temperature coeili-
cient of the Young’s modulus of the strain inducing element
5 to thereby suppress a temperature-dependent change of the
load signal outputted from the amplifier stage 17.

In other words, the output voltage V - from the ampli-
fier stage 17 1s given by the following equation:

Voor = V-G
= k-e-Vex-G

wherein Vex represents the bridge input voltage; V repre-
sents a bridge output voltage, that is, a potential difference
between a voltage at the junction D and the first reference
voltage signal V., Kk represents the gauge factor of the
strain gauge; € represents the amount of strain induced in the
strain gauge; and G represents the amplification factor of the
amplifier stage. | |

In general, the amount of strain € induced in the strain
gauge increases, as shown in FIG. S(a), as the Young's
modulus of the strain inducing element 8§ lowers as a result
of an increase of temperature. Also, the gauge factor k
increases, as shown in FIG. 3(b), with increase of tempera-
ture. Accordingly, assuming that the input voltage Vex is
fixed as shown in FIG. 5(c), the bridge output voltage V
increases as a result of strains induced by an increase of
temperature. Therefore, in the case of the prior art weighing
apparatus employing the full bridge circuit 33 as shown in

(1)
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FIG. 9, the use has been made of the span temperature
characteristic compensating resistors, each having a resis-
tance tending to increase with increase of temperature, so
that the input voltage Vex applied to the junctions a and b of
the bridge circuit 33 can be lowered with increase of
temperature to thereby compensate for the span temperature
characteristic to maintain the output voltage V,, at a
constant value as shown in FIG. 5(e).

However, in the bridge circuit 4 employed in the present
invention and corresponding in function to the half-bridge
circuit 33A shown in any one of FIGS. 10 and 11, the use of
the above mentioned span temperature characteristic com-
pensating resistors 39 would result in the previously dis-
cussed problem in that the voltage at the junction D from
which the load signal is taken out fluctuates with change in
temperature unless the span temperature characteristic com-
pensating resistors 39 have the same resistance and the same
temperature characteristic with each other.

- In view of the foregoing, in the practice of the first
preferred embodiment of the present invention, the bridge
input voltage Vex is fixed while the amplification factor G of
the amplifier stage 17 is allowed to lower with increase of
temperature as shown in FIG. S(d). By so doing, the output
voltage V 5. of the amplifier stage 17 could be maintained
at a constant value as can readily be understood from the
equation (1) quoted above.

An example of the amplifier stage 17 referred to above
and which can be employed in the practice of the present
invention 1s of a circuit configuration as shown in FIG. 6.
Referring to FIG. 6, the amplifier stage 17 includes a
negative feed-back amplifier 171 having a positive input
terminal adapted to be fed with the first reference voltage
signal V -, while the load signal appearing at the junction
D of the bridge circuit 4 1s fed to a negative input terminal
of the negative feed-back amplifier 171 through a buffer 172
and the temperature compensating resistor 39A. The ampli- -
fication factor G of the amplifier stage 17 of the above
described circuit configuration has the following relation-

ship with the resistance value Rf of a negative feed-back

resistor 173 and the resistance value Rs of the temperature
cempensatmg resistor 39A. |

G=Ri/Rs

Accordingly, by rendering the resistance value Rs of the
temperature compensating resistor 39A to increase with
increase 1n temperature of the temperature compensating
resistor 39A, the amplification factor G increases with
increase of the temperature and, thus, as shown in FIG. 5(e),
the output voltage V - (span) of the amplifier stage 17 can
be stabilized at a constant value relative to change in
temperature.

The weighing apparatus of the construction descnbed
hereinbefore operates in the following manner.

Assuming that the input voltage from the direct current
power source 14 is applied between the junctions A and B of
the bridge circuit 4 of the load cell 1, a voltage generated
between the junctions C and D of the bridge circuit 4 may
be subsequently supplied to the amplifier stage 17 as a load
signal. The amount of offset of the load signal from the load
cell 1 during a non-loaded condition of the weighing appa-

ratus is adjusted by the zero-point adjusting resistor 15 and

the zero-point temperature characteristic compensating
resistor 16 so as to attain the predetermined level without
being adversely affected by a change in temperature, that is,
so as to permit the output voltage difference between the
junctions C and D to attain a predetermined value, for

example, zero volt.
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On the other hand, as the first reference voltage signal
V conr common to all component parts of the signal pro-
cessing circuit 3, a voltage appearing at the junction C of the
bridge circuit 4 is supplied from the load cell 1 to the signal
processing circuit 3 on the main printed circuit board 2.
Also, as the second reference voltage signal Vg utilized by
the analog-to-digital converter 19, a voltage appearing at the
junction E of the bridge circuit 4 is inputted to the analog-
to-digital converter 19. Partly because the difference
between the first and second reference voltage signals V -5,
and V . corresponds to a voltage between opposite ends of
the resistor 11 and partly because each of the first to third
resistors 10 to 12 has a resistance value sufficiently higher
than the resistance value of any one of the adjusting ele-
ments 13 and also has an extremely small temperature-
dependent coeflicient of resistance, it is possible to supply
the second reference voltage signal V.. which is stable
relative to the first reference voltage signal V,,, corre-
sponding to a virtual ground voltage.

‘The analog load signal inputted to the amplifier stage 17
18 amplified therein and subsequently passed through the
analog filter 18 by which a high frequency component of the
analog load signal is cut off. The analog load signal having
been filtered through the analog filter 18 is then converted by
the analog-to-digital converter 19 into a digital load signal
which 1s subsequently supplied to the central processing unit
20. In response to receipt of the digital load signal, the
central processing unit 20 performs a calculation to deter-
mine the weight of the object to be weighed and then outputs
the weight signal to the display unit for providing a visual
indication of the weight of the object so weighed.

In the weighing apparatus according to the present inven-
tion, the bridge circuit 4 in the load cell 1 is highly precisely
assembled and, thercfore, both of the first and second
reference signals V -o,, and V- and the load signal can be
precisely controlled simultaneously. Also, the adjustment
necessitated to secure the weighing accuracy can be carried
out on the side of the load cell 1 independently of the circuit
on the main printed circuit board 2.

Moreover, where the load cell 1 1s required to be replaced
during a servicing, a mere replacement with a similar, but
adjusted load cell is sufficient to preserve the weighing
accuracy and no adjustment other than the span adjustment
in the central processing unit 20 is required.
~Also, since the load cell 1 used in the weighing apparatus

of the present invention employs the first to third resistors 10
to 12 connected in the bridge circuit 4, that is, the first to
third resistors 10 to 12 may possibly correspond to a circuit
in which the two voltage divider circuits 46 and 47 in any
one of FIGS. 9 to 11 are integrated together, the number of
resistors necessitated in the bridge circuit 4 can be reduced
advantageously.
 Yet, the provision of the temperature compensating resis-
tor 39A connected with the amplifier stage 17 of the signal
processing circuit 3 is effective to compensate for the
temperature coefficient of the Young’s modulus of the strain
inducing element S so that any possible temperature-depen-
dent variation of the load signal outputted from the amplifier
stage 17 can be suppressed. Accordingly, the load signal
outputted from the amplifier stage 17 is stable and will not
fluctuate with change in temperature and, therefore, the
weighing accuracy can be improved advantageously.

Furthermore, since the resistance value of each of the first
to third resistors 10 to 12 forming respective parts of the
bridge circuit 4 can be chosen to be of a high value
regardless of the resistance value of any one of the strain
gauges 7 and 8, the amount of the electric power consumed
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in the bridge circuit 4 can be advantageously minimized and,
therefore, the present invention can be best used in a
battery-powered weighing apparatus.

In the meantime, where during the manufacture of the
strain gauges the strain gauges have considerably varying
resistance values, and in order for the adjusting elements to
be connected in series with the strain gauges, a complicated
and time-consuming procedure may be required to measure
the resistance value of each of the strain gauges 7 and 8, then
to perform a calculation to determine the resistance value of
cach of the adjustment elements 13 in reference to the
measured resistance values of the strain gauges 7 and 8, and
finally to select the adjustment clements each having a
resistance value equal to or approximating to the determined
resistance value.

In contrast thereto, 1n the illustrated embodiment of the
present invention, 1in the bridge circuit 4 the adjustment
clements are connected in series with the first to third
resistors 10 to 12 and a so-called fixed resistor, which has
little variation in resistance among the fixed resistors, can be
advantageously used for each of the first to third resistors 10
to 12. Therefore, once the adjustment elements, each being
of a type having a resistance value chosen in consideration
of the resistance value of each of the fixed resistors used for
the first to third resistors 10 to 12, are employed in the
practice of the present invention, identical adjustment ele-
ments can equally be employed in other similar bridge
circuits 4. On the other hand, the strain gauges having
considerably varying resistance values can be employed in
the practice of the present invention. This brings about an
improvement in workability and also a minimization of any
possible reduction in characteristic of the strain gauges with
passage of time.

In the foregoing embodiment of the present invention, the

temperature compensating resistor 39A has been shown and
described as mounted on the strain inducing element 3 of the

load cell 1. This is particularly advantageous in that any

possible change in temperature of the strain inducing ele-

ment 3 can be transmitted directly to the temperature com-
pensating resistor 39A. However, where the main printed
circuit board 2 having the signal processing circuit 3 formed
thereon 1s positioned 1n the vicinity of the strain inducing
element 5, the temperature compensating resistor 39A may
be mounted on the main printed circuit board 2 and, even in
this alternative disposition, the temperature compensating
resistor 39A can have its resistance value varying effectively
with change 1n temperature oi the strain inducing element 5.

FIG. 7 illustrates a second preferred embodiment of the
present invention. In this second preferred embodiment, the
temperature compensating resistor 39A which has been
described as employed in the foregoing embodiment of the
present invention is dispensed with and, instead, the strain
gauges, now indicated by 70 and 80, respectively, are
employed each in the form of a temperature compensating
resistor having a characteristic etfective to compensate for
the temperature coeficient of the Young’s modulus of the
strain inducing element.

In other words, each of the strain gauges 70 and 80 has
such a characteristic that the gauge factor k decreases with
increase of the temperature T as shown 1n FIG. 3(f). On the
other hand, as hereinbefore described, the strain € increases,
as shown 1n FIG. 5(a), as a result of reduction in Young’s
modulus E of the strain inducing element due to increase of
the temperature T, thereby tending to increase the output
voltage V .+~ This increment of the output voltage V 5,18
counterbalanced by the temperature characteristic of the
gauge factor k and, consequently, as can readily be under-
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stood from the equation (1) discussed hereinbefore, even
though the amplification factor G of the amplifier stage 17

remains constant regardless of the change of the tempera-
ture, a constant output voltage V., can be obtained as

shown in FIG. S(e) relative to the constant input voltage Vex -

shown in FIG. 5(c¢). Thus, the strain gauges 70 and 80 are of
a type capable of counterbalancing change of the Young's
modulus of the strain inducing element resulting from
change in temperature, that is, of a type capable of com-
‘pensating for the temperature coefficient of the Young’s
modulus. Each of the strain gauges 70 and 80 also has a
usual operating characteristic of compensating for the tem-
‘perature coefficient of thermal expansion which is generally
found in standard strain gauges employed in the load cells
for weighing apparatuses. |

Each of the strain gauges 70 and 80 of a type capable of
compensating for both the temperature coeflicient of the
Young’s modulus of the strain inducing element and the
temperature coefficient of thermal expansion of the strain
inducing element can be employed in the form of a tem-
perature compensating gauge prepared from a resistance
element of, for example, a nickel-chromium alloy.

According to the foregoing second preferred embodiment
of the present invention shown in and described with refer-

ence to FIG. 7, since the strain gauges 70 and 80 themselves

have the characteristic of compensating for the temperature
coefficient of the Young’s modulus of the strain inducing
element, the load signal outputied from the bridge circuit 4
1s stabilized without being varied with change in tempera-
ture of the strain inducing element 5 and the weighing
accuracy can therefore be increased.

In describing any one of the foregoing preferred embodi-
ments of the present invention, the bridge circuit 4 has been
shown and described as having the adjustment elements
connected in series with the first to third resistors 10 to 12.
However, where variation in resistance of the strain gauges
7 and 8 1s small, such a complicated and time-consuming
procedure in selecting the adjustment elements is no longer
required and, therefore, the adjustment elements 13 may be
connected in series with the strain gauges 7 and 8 as shown
in FIG. 8. Even with a third preferred embodiment of the
present invention shown in FIG. 8, both of the zero-point
adjustment and the zero-point temperature characteristic

compensation of the bridge circuit 4 can efficiently and

satisfactorily be accomplished by the adjustment elements
13.

Although the present invention has been fully described in
connection with the preferred embodiments thereof with
reference to the accompanying drawings which are used
only for the purpose of illustration, those skilled in the art
will readily conceive numerous changes and modifications
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within the framework of obviousness upon the reading of the

specification herein presented of the present invention. For
example, although in any one of the foregoing embodiments
of the present invention, the bridge circuit 4 has been shown
and described as having two strain gauges 7 and 8, or 70 and
80, on respective sides of the junction D, a plurality of strain
gauges may be employed on each side of the junction D of
the bndge circuit. ..

Accordingly, such changes and modifications are, unless
they depart from the scope of the present invention as
delivered from the claims annexed hereto, to be construed as
included therein. |

What 1s claimed 1s:

1. A weighing apparatus for measuring the weight of an
~ object to be weighed by electrically processing the weight of
- the object, which apparatus comprises:
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a load cell for outputting a load signal in proportion toa

load imposed thereon by the object to be weighed; and

a signal processing circuit, connected to the load cell, for
processing the load signal from the load cell to provide
a weight signal indicative of the weight of the object to
be weighed, wherein:

said load cell includes a strain inducing element capable
of inducing strains in response to application of the .
load imposed on the load cell, and a bridge circuit.

having first and second strain gauges and a series-

connected circuit comprised of a plurality of resistors,

said signal processing circuit receiving both of a load

~ signal delivered from a junction between the first and

second strain gauges and a reference voltage signal
~delivered from a junction between the resistors in the
bridge circuit, and -

said signal processing circuit including an analog-to-

digital converter for converting the load signal into a
digital load signal, and receiving a second reference
voltage indicative of the level of an input signal applied
to the analog-to-digital converter.

2. The weighing apparatus as claimed in claim 1, wherein
said signal processing circuit includes an amplifier means
for amplifying the load signal, and a temperature compen-
sating resistance means connected with said amplifier
means, said temperature compensating resistance means
having a characteristic effective to vary an amplification
factor of the amplifier means with change in temperature to
thereby compensate for a temperature coefficient of Young’s
modulus of the strain inducing element so as to suppress
variation of a load signal outputted from the amplifier means

with change in temperature. o
3. The weighing apparatus as claimed in claim 2, wherein

said temperature compensating resistance means is fitted to
the load cell.

4. The weighing apparatus as claimed in claim 2, wherein
said signal processing circuit is formed on a main printed
circuit board and said temperature compensating resistance
means is mounted on said main printed circuit board.

5. The weighing apparatus as claimed in claim 1, wherein
each of said strain gauges is a temperature compensating
resistor having a characteristic capable of compensating for -
a temperature coefficient of Young’s modulus of the strain

inducing element.

6. The weighing apparatus as claimed in claim 1, wherein
said series-connected circuit includes first to third resistors,
a junction between the first and second resistors providing a
first reference voltage common to all elements of the signal
processing circuit while a junction between the second and
third resistors provides the second reference voltage deter-
minative of the level of the input signal applied to the
analog-to-digital converter, said first and second reference
voltages being supplied to the signal processing circuit.

7. The weighing apparatus as claimed in claim 1, wherein
said bridge circuit includes an adjustment element connected
in series with the series-connected circuit of the resistors for
adjusting an output from the bridge circuit.

8. The weighing apparatus as claimed in claim 1, wherein
said bridge circuit includes an adjustment element connected
in series with the strain gauges. |

9. A weighing apparatus for measuring the weight of an
object, comprising:

a load cell outputting the load signal in proportion to a

load of an object; and

a signal processing circuit processing the load signal from
the load cell to provide a weight signal indicative of the
weight of the object, |
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wherein said load cell includes a bridge circuit having first 10. A weighing apparatus for measuring the weight of an
and second strain gauges, and object according to claim 9, wherein said bridge circuit
wherein said signal processing circuit receives both the further includes a series-connected circuit comprising a

load signal transmitted from a junction between the first _ |
and second strain gauges and a reference voltage signal 2 plurality of resistors.

transmitted from a junction between the resistors in the
bridge circuit. * & % %k %
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